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SPECIFICATION 

1. Title of the Invention 

A Method for the Manufacture of Fine Porous Carbon 

2. Claims 

A method for the manufacture of fine porous carbon characterized in that a fine, porous 
thermoplastic organic polymer compound is infusibilized and calcined. 

3. Detailed Description of the Invention 

The present invention relates to a method for the manufacture of fine porous carbon that 
is useful as an absorbent and a separating agent. 

There is activated carbon in the form of fine porous carbon. The method of its 
manufacture involves subjecting carbon or a carbon precursor to an activation treatment by 
means of an oxidation gas such as water vapor and forming pores by decomposition of the 
carbon. Because methods based on activation treatment are methods in which the mechanism of 
decomposition is not well understood, control of pore diameter is difficult, and, in order to obtain 
a substance with a sufficient quantity of pores, the residual ratio of carbon must be low and a 
strong product cannot be obtained. 

Methods for the manufacture of fine porous carbon that do not rely on decomposition 
involve affixing carbon of fine diameter with a carbonizable binder and calcining the product. 
However, because a binder is used, the quantity of pores is reduced and it is difficult to obtain a 
strong product with a large number of pores. 

Obtaining a product in which the pore diameter can be controlled, in which there is a 
narrow distribution of pore diameters, and which is of superior strength is useful for adsorbents 
and separating agents because of the chemical stability and thermal stability of carbon. 

The inventors conducted studies for the purpose of overcoming the aforementioned 
drawbacks. As a result, they arrived at this invention by discovering that fine porous organic 
polymers can be carbonized while allowed to retain their fine pores with a brief infusibilizing 
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treatment and in a short calcining time by performing the infusibilizing treatment and calcining 
after manufacturing fine porous organic polymers using technology whereby the pore diameters 
of thermoplastic organic polymers can be controlled. 

The term "fine porous carbon" in this invention refers to carbon or graphite in which fine 



The thermoplastic polymers that can be used-in this invention include, for example, 
polymers that are obtained from monomers having vinyl groups; namely, polymers comprised of 
alkyl vinyl compounds, such as polyethylene and polypropylene; polymers comprised of aryl 
vinyl compounds, such as polystyrene and polyvinyl naphthalene; polymers comprised of vinyl 
ethers, such as polyethyl vinyl ether and polyisobutyl vinyl ether; polymers comprised of vinyl 
halide compounds, such as polyvinyl chloride; polymers comprised of vinyl ester compounds, 
such as polyvinyl acetate; polymers comprised of alkyl vinyl esters, such as polymethyl acrylate; 
and polymers comprised of vinyl nitriles, such as polyacrylonitrile, which polymers are 
represented by the general formula 



[wherein, R { is hydrogen, a hydrocarbon group, a substituted hydrocarbon group, a 
hydrocarbonoxy group, a substituted hydrocarbonoxy group, a halogen, a cyano group, a 
hydroxyl group, -OCOR 2 or -COOR 2 (R 2 being hydrogen, a hydrocarbon group or a substituted 
hydrocarbon group) and n is an integer that represents the degree of polymerization]; polymers 
obtained from monomers having vinylidene groups; namely, polymers comprised of alkyl or aryl 
vinylidene compounds, such as polyisobutylene and a- methyl sty rene; polymers comprised of 
vinylidene halide compounds, such as polyvinylidene chloride; polymers comprised of a-alkyl 
acrylic acid esters, such as polymethyl methacrylate and polyethyl methacrylate; and polymers 
comprised of cyanovinylidene, such as polycyanovinylidene, which polymers are represented by 
the general formula 



pores with pore diameters of 10 to 50,000 A are contained in an amount of 0.1 cc/g or greater. 





on 
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[wherein, R\ and R 2 are hydrocarbon groups, substituted hydrocarbon groups, hydrocarbonoxy 
groups, substituted hydrocarbonoxy groups, halogens, cyano groups, -OCOR 3 or -COOR3 (R 3 
being hydrogen, a hydrocarbon group or a substituted hydrocarbon group) and n is an integer that 
represents the degree of polymerization]; polymers comprised of monomers having conjugated 
double bonds, such as polybutadiene, polyisoprene and polychloroprene (neoprene), which 
polymers are represented by the general formula 



[wherein, Ri is hydrogen, a hydrocarbon group, a substituted hydrocarbon group, a 
hydrocarbonoxy group, a substituted hydrocarbonoxy group, a halogen, a cyano group, a 
hydroxy! group, -OCOR, or -COORi (Ri being hydrogen, a hydrocarbon group or a substituted 
hydrocarbon group) and n is an integer that represents the degree of polymerization]; copolymers 
comprised of the monomers of polymers represented by general formula (I), (II) or (III), such as 
ethylene-propylene copolymers, ethylene-propylene-dichloropentadiene ternary copolymers, 
ethylene-propylene-ethylidene norbornene ternary copolymers, styrene-acrylonitrile copolymers, 
styrene-acrylonitrile-butadiene ternary copolymers, ethylene-vinyl acetate copolymers, styrene- 
butadiene copolymers (including SBR and impact-resistant polystyrene), butadiene-acrylonitrile 
copolymers, ethylene-isobutylene-butadiene ternary copolymers, ethylene terephthalate-p- 
chloroethyl vinyl ether copolymers, butyl acrylate-acrylonitrile copolymers, ethylene trifluoride- 
vinylidene fluoride copolymers, vinylidene fluoride-hexafluoropropylene copolymers, vinyl 
chloride-ethylene copolymers, vinyl chloride-propylene copolymers, normal butadiene-isobutene 
copolymers, isobutylene-isoprene copolymers, acrylonitrile-methyl acrylate copolymers, 
acrylonitrile-vinyl acetate copolymers, acrylonitrile-methyl methacrylate copolymers, 
acrylonitrile-acrylic acid copolymers, acrylonitrile-methacrylic acid copolymers, acrylonitrile- 
vinyl chloride copolymers, acrylonitrile-vinylidene chloride copolymers and vinyl chloride- 
vinylidene chloride copolymers or graft copolymers thereof; polyesters such as polyethylene 
terephthalate, polyethylene isophthalate, polyethylene fumarate, polypropylene maleate and poty 
p-phenylene oxybenzoate; polyamides such as polycaproamide (nylon 6) and polyhexamethylene 
dipolyamide (nylon 66); polyalkylene ethers and poly-substituted alkylene ethers such as 
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polyoxymethylene, polyethylene oxide and polybischloromethyl oxyethane; polyphenylene 
oxides such as poly-2,6-dimethyl-l,4-phenylene oxide and poly-2,6-diphenyl-l,4-phenylene 
oxide; and polymers in which bisphenol A is the monomer, such as bisphenol A-epichlorohydrin 
polymers, bisphenol A-phosgene polymers and bisphenol A-4,4'-diphenylsulfone polymers; as 
well as polyphenylene, polyxylylene, polybenzimidazole, polybenzimidazolimide, 
polyimidazopyrrolone, polypyromellitimide, polybenzothiazole, polythiazole, polyquinazolone, 
polyquinoxaline, polybenzoxazole and polyoxadiazole. In addition, pitches obtained by 
petroleum refining and dry distillation of coal can also be used. 

These polymers can be used individually, or two or more of them can be used at the same 
time. In addition, these polymers can be used mixed with other suitable organic substances in 
any desired composition. 

Any known method for making thermoplastic organic polymers into fine porous 
substances may be used. Examples include (1) a method in which a foaming agent that is 
decomposed by heating and that produces a gas is introduced into the resin and molding is 
performed, after which the foaming agent is decomposed by heating and a gas is produced, 
(2) elution methods as represented by a method in which a water-insoluble polymer and a water- 
soluble polymer are mixed, after which the mixture is molded, the molded product is immersed 
in water and a water-soluble polymer is extracted, (3) an extraction method in which a polymer 
gel is made using a solvent and plasticizer, and the solvent and plasticizer are removed from the 
gel by extraction and vaporization, (4) a sintering method in which a particulate or fibrous 
polymer substance is sintered and (5) a drawing method in which the polymer film is drawn. 

These fine thermoplastic organic polymers are subjected to infusibilizing treatment so 
that carbonization is possible without passing through a fused state for carbonization. 

The infusibilizing methods include treatment with oxygen, ozone, sulfuric anhydride, 
sulfur dioxide, sulfuric acid, chlorosulfonic acid, nitrogen dioxide, nitrogen monoxide, chlorine, 
bromine or hydrogen peroxide. 

Materials obtained by treating polystyrene and copolymers thereof, polyethylene and 
copolymers thereof, and poly-2,6-diphenyl-l,4-phenylene oxide with sulfuric anhydride or 
sulfuric acid are preferred in the present invention. These can be readily infusibilized and can 
easily produce porous carbon with a high carbonization yield. 
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After the aforementioned infusibilizing treatment has been completed, calcining is 
performed in an inert atmosphere such as argon. The calcining temperature is 500°C, and, 
preferably, from 800°C up to 3000°C. 

In spite of the fact that the porous carbon that has been obtained in this way is porous, it 
is of superior strength. The pore diameter can be adjusted, the morphology can be selected, and 
the resulting product has high commercial value as an adsorbent and separating agent. 

Working Example 1 

10 g of poly-2,6-dimethyl-l ,4-phenylene oxide was dissolved in 90 cc of benzene. A 
solution consisting of 10 cc of oleic acid and 10 cc of 28% ammonia water dissolved in 1 liter of 
water was stirred, and a benzene solution of the aforementioned poly-2,6-dimethyl-l,4- 
phenylene oxide was added dropwise to this solution. The particle diameters of resin that was 
obtained were 50 to 200 [i. The pore diameter distribution of this substance is shown in Fig. 1 . 

The aforementioned fine porous poly-2,6-dimethyl-l,4-phenylene oxide was reacted for 4 
hours under stirring at 100°C as nitrogen containing 17 vol % of sulfuric anhydride was fed at a 
rate of 0.2 liters/minute. Next, calcining was performed with the temperature being raised first to 
300°C at a temperature elevation rate of 100°C/hour, and then to 1000°C at a temperature 
elevation rate of 300°C/hour. 

The pore distribution was determined using a mercury penetration porosimeter. 

Working Example 2 

7.5 g of polystyrene and 7.5 g of polyethylene oxide were dissolved in 100 cc of benzene, 
and the solution was applied to a glass plate to make a thin film. The benzene was volatilized in 
the atmosphere at 50°C, after which the material was immersed in hot water, and the 
polyethylene oxide was extracted. Fig. 2 shows the pore distribution of this substance. 

The aforementioned fine porous polystyrene was reacted for 6 hours in 15% fuming 
sulfuric acid at 80°C and was washed with 98% sulfuric acid ; after which it was washed with 
water. Next, it was calcined up to 1000°C at a calcining rate of 300/hour. The pore distribution 
of this substance is shown in Fig. 2. 

The pore distribution was determined using a mercury penetration porosimeter. 
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4. Brief Description of the Drawings 

Fig. 1 shows the pore diameter distribution curves of the porous poly-2,6-dimethyl-l ,4- 
phenylene oxide in Working Example 1 and of the carbon obtained therefrom, and Fig. 2 shows 
the pore diameter distribution curves of the porous polystyrene in Working Example 2 and of the 
carbon obtained therefrom. 



Fig. 1. Pore diameter distribution in Working Example 1 




Poiy^e-daaethyj-IAphenylene oxide 



Pore m&intitt (A) 
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Fig. 2. Pore diameter distribution in Working Example 2 




5. Attachments 

(1) Specification 

(2) Power of Attorney 

(3) — Drawings 



1 copy, 12 pages 
1 copy 
1 copy 



(3) Drawings 



1 copy 
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